Some age-related changes in the motor system are welldescribed. For example, loss and atrophy of muscle fibers with a relatively greater decrease in the number and size of type II muscle fibers occur with aging.
Some age-related changes in the motor system are welldescribed. For example, loss and atrophy of muscle fibers with a relatively greater decrease in the number and size of type II muscle fibers occur with aging. 1 There is also a progressive decline in the number of motoneurons with subsequent reinnervation and expansion of the innervation territory of the surviving motoneurons. [2] [3] [4] [5] [6] In the central nervous system, the extent of upper motoneuron loss with aging is substantial. 7, 8 Taken together, it should not be surprising that some, or all, of these changes may have an impact on the muscle fatigue resistance in elderly individuals. Although muscle fatigue is of great functional importance in daily activities, data on its changes in aging, compared to strength changes, is relatively sparse. Also, reports on age-related changes in muscle fatigue resistance are conflicting. Findings range from increased fatigue resistance, 9, 10 no change, 11 to decline. 12 The lack of agreement may, in part, be due to the different conditions under which muscle fatigue was induced and assessed. In some studies, ABSTRACT: Objective: The goal of this study was to compare the relative contributions from the muscle and the central nervous system to muscle fatigue resistance in aging. Methods: Each subject carried out 90 s of sustained maximal voluntary isometric contraction (MVC) of the thumb using the thenar and forearm thumb muscles. Contractile capacity of the thenar muscles was assessed through tetanic stimulation of the median nerve. Interpolated doublets delivered during an MVC represented the overall voluntary activation level while transcranial cortical stimulation with an electromagnetic stimulator was used to assess motor output upstream from the corticomotoneuronal pathway. Results: Nine elderly subjects [four females and five males, 70±9 years old (mean±SD)] and 10 younger subjects (five females and five males, 30±6 years old) were tested. After the fatiguing exercise, the elderly group's MVC declined by 29% as opposed to 47% in the younger group (p<0.01). The elderly group's greater fatigue resistance was accounted for by increased fatigue resistance at the muscle level as well as in the central nervous system. At least some of the decline in the central motor drive was upstream from the corticomotoneuronal pathway. Conclusion: The higher muscle fatigue resistance in the elderly group was attributable to differences in both the peripheral and central nervous systems.
Therefore, the goals of this study were: i) to investigate the difference in fatigue resistance of the thenar muscles between younger and older subjects, ii) to assess the extent to which the changes in the muscle, versus iii) changes in the central motor system that are responsible for the force decline in muscle fatigue.
METHODS

Subjects
Two groups of subjects were recruited. The younger group was between 20 to 45 years of age and the older group from 60 to 88 years of age. These subjects were all healthy without any history of nerve, cardiovascular, respiratory, or connective tissue diseases. Other exclusion criteria included a history or physical examination findings suggestive of carpal tunnel syndrome, a history of trauma to the head and face with possible metal embedded in those areas.
All subjects were right-handed and only the dominant hand was tested. The subjects were asked not to do any heavy repetitive hand activities within two days prior to the test. A medical history was obtained through a personal interview and a careful neurological examination was carried out by the first author. Their physical activity level was determined using the Occupational and Leisure Physical Activity Scale. 13 The nature of the experiments and the test procedure was explained to the subjects. The study was approved by the Health Research Ethics Board at the University of Alberta and all subjects gave their informed consent.
All subjects were thoroughly familiarized with the test protocol by performing the test twice. Each test was done at least one week apart. Only results from the second test session were used.
Experimental setup (Figure 1)
The subject was comfortably seated in front of the force platform with the monitor screen and speakers in view for audiovisual feedback. The right forearm and hand were positioned on a forearm splint open on the ventral surface to allow access to the median nerve at the wrist. The splint was in turn rigidly fixed onto the force platform. The entire hand and forearm, except the thenar eminence and the thumb, were securely fastened to the force platform with Velcro straps.
The methods used for transcranial cortical stimulation and twitch interpolation were similar to those described by Gandevia and his coworkers.
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Recording
The force and electrical signals were recorded on a digital oscilloscope (Axoscope, Axon Instruments) at a sampling rate of 5 kHz for off-line analysis.
Force -the contraction force of the thumb was measured by a harness looped around the base of the thumb with a passive preload maintained at 2N. The harness was connected to a force transducer mounted on a vertical aluminum plate on top of the force platform. The aluminum plate had a 90-degree circular track that allowed the angle of the force transducer to be precisely adjusted to 45 degrees (half way between full flexion and full abduction) in relation to the palm along the line of contraction.
The force transducer (model LCCA-25, Omega Engineering Inc.) output was amplified by using a direct current amplifier (model 842, Aries Instruments) with a filter bandwidth of 0 Hz-1 kHz.
Electrical -two self-adhesive disposable surface electrodes (Blue Spot BS3400), each measuring 1 x 2.5 cm, were used to detect the electromyographic (EMG) signals. The recording electrode was placed directly over the motor point of the median innervated thenar muscles and the reference electrode over the dorsal aspect of the 1st metacarpophalangeal joint. A second set of surface electrodes, with the recording electrode placed over the hypothenar eminence and the reference electrode on the dorsal aspect of the 5th metacarpophalangeal joint, was used to monitor ulnar nerve activation. A large silver-plated disc electrode was placed on the palm to serve as ground. The signal was amplified by an alternating current amplifier (model P511K, Grass Instruments) with a bandwidth of 10 Hz-2 kHz.
Stimulation
Peripheral nerve stimulation -the median nerve was stimulated with bipolar stimulating electrodes connected to an electrical stimulator (model S44, Grass Instruments). The stimulating electrodes, each measuring 1.5 x 0.6 cm with an inter-electrode distance of 2.5 cm, were securely strapped to the wrist over the median nerve with an elasticized Velcro strap. Stimulus intensity was set at 30% above the intensity required to maximally stimulate the median nerve (80-100 V) and the pulse width 0.2-0.6 ms with the exception of the interpolated doublet. Through pilot studies, we found that during maximum voluntary contractions (MVCs), higher intensities were required to maximally stimulate the median nerve because the surface stimulating electrodes were lifted away from the median nerve by the contracting flexor tendons. Therefore, stimulus pulse durations of 2-6 ms were used for the interpolated doublet. At these intensities, the ulnar nerve was also maximally stimulated.
Cortical stimulation -transcranial cortical stimulation was done by using an electromagnetic stimulator (model MES-10, Cadwell Lab). The circular stimulation coil, 9 cm in diameter, was carefully placed so that the left motor cortex was preferentially activated. After the most optimal location with the lowest stimulation threshold was identified, 15 the stimulus intensity was set at 50% above the stimulation threshold. Accurate placement of the magnetic coil was facilitated by fastening it with Velcro straps to a scalp cap lined with distance markers in the sagittal and coronal planes.
Test protocol
To facilitate the description of the rather complex study protocol, it is summarized in Figure 2 and explained below.
Baseline
A series of stimuli including a single pulse, a doublet with an interpulse interval of 10 ms and an 8 pulse train at 50 Hz, each 1s apart, were delivered to the median nerve at the wrist while the subject was at rest (illustrated in Figure 5 ). The twitch tension was used for measuring the contraction time while the doublet tension was used for comparison with the other baseline resting doublet tensions to ensure reproducibility. Compared with the twitch tension, the tetanic tension is a better representation of the force production capacity of the muscle because it is less influenced by twitch potentiation. This was followed by a series of brief MVCs at a 45 degree angle (half way between full abduction and flexion) from the palm. This angle was chosen because it coincides with the angle of contraction when the median nerve is stimulated at the wrist. The subjects were instructed to contract ballistically and to sustain the maximum force for 3-5 s. During the first brief MVC, an interpolated doublet was delivered to the median nerve once the voluntary contraction had reached a stable plateau. The interpolated twitch technique was first introduced by Merton in the 1950s for measuring the central motor drive and has since been widely used. [16] [17] [18] Because the additional tension produced by an interpolated single pulse stimulus is often very small, its reliability can be enhanced by using a doublet which produces a larger tension that can be more accurately measured and is less susceptible to distortion by an uneven baseline. 19 This was immediately followed by another doublet after the voluntary contraction had stopped. Cortical stimulation was delivered during the second MVC, immediately followed by a single pulse to the median nerve after the subject had relaxed (illustrated in Figure 7 ).
14 This sequence of brief MVCs was repeated with interpolated doublets to the median nerve and cortical stimulation alternately delivered to every other brief MVC. To ensure reproducibility, the subjects were required to produce at least two MVCs with interpolated doublets and two MVCs with cortical stimulation that were within 10% of the highest MVC. Between four and eight brief MVCs were performed by each subject. The subject was allowed at least two minutes of rest in between each MVC to avoid inducing fatigue.
Exercise
Each subject was then asked to carry out a sustained MVC for 90 s. A 5 s rest period was given after 25 s and again after 55 s. Loud verbal exhortation and audiovisual feedback of their EMG and force output were given to ensure maximal motivation.
Post exercise tests
Prior to the subject terminating the fatiguing MVC, an interpolated doublet was delivered to the median nerve. This was immediately followed by a series of three stimuli, a doublet, a single pulse and an 8-pulse train at 50 Hz, each 1 s apart. Within 5 s of terminating the fatiguing exercise, the subject carried out another brief MVC and a cortical stimulation was applied during the plateau.
Data analysis
Differences in the weight and height of the two groups of subjects and their physiological parameters were tested using two-tailed independent t-test, with p<0.05 considered statistically significant. The following physiological parameters were measured and analyzed: a) Baseline MVC. b) Baseline tetanic tension (peak tension generated by the 8 pulse train at 50 Hz). c) Contraction time (measured from the twitch tension generated by single pulse stimulus at rest). d) Baseline voluntary activation failure index defined as: interpolated doublet/doublet at rest. The rationale for using this definition as opposed to the one used by Allen et al 17 on the biceps muscle is explained in 'Discussion'. e) Overall fatigue defined by the decline in MVC from the beginning to the end of the 90 s exercise. f) Peripheral fatigue defined by the decline in tetanic tension from baseline to immediately after the 90 s exercise. g) Overall central fatigue defined as change in the tension of the interpolated doublet delivered to the median nerve at baseline to that at the end of the 90 s exercise (illustrated in Figure 6 ). Because the interpolated doublet tension is affected by the contractile capacity of the thenar muscles, it was normalized to the doublet tension when the muscles were at rest (as shown in Figure 2 ). Only the baseline interpolated doublet tensions obtained from those brief MVCs within 10% of the highest MVC were used to calculate the mean baseline value. h) Change in the capacity to activate the corticomotoneuronal pathway was represented by the tension of the cortically evoked twitch at baseline compared to that immediately following the 90s exercise (illustrated in Figure 7 ). Because the tension of the cortically evoked twitch is also affected by the contractile capacity of the thenar muscles, it was normalized to the twitch tension of the muscles when the subject was at rest (see Figure 2) . Only the baseline cortically evoked twitch tensions obtained from those brief MVCs within 10% of the highest MVC were used to calculate the mean baseline value. i) Change in the negative peak amplitude of the maximal compound muscle action potential (CMAP) between baseline and after the fatiguing exercise. (Because the transcranial cortical stimulation was done during an MVC, onset, amplitude and area of the motor evoked potential could not be reliably measured due to the superimposed EMG. Therefore, it was not analyzed). j) Change in the length of the silent period following cortical stimulation (defined as the duration from the stimulus artifact to the resumption of EMG activity) between baseline and after the fatiguing exercise.
14 k) Difference in contraction time change following the fatiguing contraction between the two age groups.
Pearson's correlation coefficient was used to compare the subjects' strength and their overall fatigability. The mean contraction time was significantly longer in the elderly group (p<0.05). There was no significant difference in any of the other parameters between the groups. MVC denotes maximal voluntary isometric contraction. (m) denotes male subjects while (f) are the female subjects. The group results are given as (mean±SD) shown on top of each column. The voluntary activation failure index is defined as interpolated doublet/doublet at rest.
RESULTS
Physical characteristics of the subjects
Details of the physical attributes of each subject are shown in Table 1 and are summarized here. There were nine elderly [70±9 years old (mean±s.d.)] subjects (four females, five males) and 10 younger (30±6 years old) subjects (five females, five males). The older subjects were slightly taller (172±11 cm vs. 168±9 cm) and heavier (74.3±12.6 kg vs. 65.5±6.2 kg) than the younger subjects but these differences were not statistically significant. All younger subjects were staff and students in the department engaged in sedentary work (group I on the Occupational Activity Scale) while the older subjects were retirees. All subjects in both groups participate in leisure time physical activities at a recreational but not competitive level (group II and III on the Leisure Physical Activity Scale). 13 
Baseline physiological parameters
Details of these on all subjects are also shown in Table 1 . Although not statistically significant, despite being slightly taller and heavier, the elderly group's mean MVC (73±36 N vs. 80±19 N) and mean tetanic tension (14.4±8.9 N vs. 16.3±6.8 N) were lower than the younger age group. In contrast, the mean contraction time was significantly longer (80±17 ms vs. 62±10 ms) in the elderly group. The mean voluntary activation failure index was slightly lower in the elderly group (0.13±0.17 vs. 0.30±0.25) but this was not statistically significant.
Changes following fatiguing exercise
The results are summarized in Table 2 and changes in each subject's MVC are shown in Table 3 . The elderly group showed greater overall fatigue resistance with a decline of only 29% in their mean MVC as opposed to 47% in the younger group Figure 6 to show the interpolated doublet tensions. The elderly group exhibited significantly greater muscle fatigue resistance. This was due to a higher peripheral as well as central fatigue resistance. CMAP denotes compound muscle action potential. Overall fatigue is defined as the decline in the MVC force at the end of the 90 s fatiguing exercise as a percentage of the force at the beginning of the fatiguing exercise. Tetanic tension change represents decline in the tetanic tension of the thenar muscles after the fatiguing exercise as a percentage of the baseline tetanic tension. Changes in the normalized interpolated doublet, normalized cortical twitch and silent period represent the increase in these parameters following the fatiguing exercise. The numbers represent mean ± SD. *=p<0.05; **=p<0.01. np = negative peak. Figure 4 . (p<0.01). The decline in each subject's MVC is shown on the composite plot in Figure 3A . To illustrate their marked differences, original force records from a 90 s bout of exercise from an elderly subject (subject 12 in Table 1 ) and a younger subject (subject 10 in Table 1 ) are showed together in Figure 4 . The greater overall fatigue resistance in the elderly group is accounted for by greater peripheral fatigue resistance which is summarized in Figure 3B and illustrated in Figure 5 . The mean tetanic tension declined by 22% in the elderly group as compared to 47% in the younger group (p<0.05). Instead of showing a decline, the tetanic tensions in two of nine elderly subjects potentiated following the fatiguing exercise, accounting for the large standard deviation in tetanic tension change in the elderly group. In contrast to the difference in the tetanic tension change between the two age groups, there was no significant change in the mean CMAP negative peak amplitude in either group (an increase of 0.64 mV in the elderly group compared to an increase of 0.09 mV in the younger group) following the fatiguing exercise. A possible reason for this dissociation will be discussed in the next section. The contraction time following the fatiguing contraction became slightly longer in both groups but the between group difference was not statistically significant. In addition, the elderly also exhibited greater overall central fatigue resistance as reflected by a smaller increase in the normalized interpolated doublet tension (0.13 vs. 0.92; p<0.05). An example is illustrated in Figure 6 and the magnitude of change in each subject is shown on the composite plot in Figure   3C . At least some of the central fatigue was due to an increased failure to drive the corticomotoneuronal pathway, as the normalized cortically evoked twitch tension also increased (by 0.20 in the elderly group and by 2.25 in the younger group) following the fatiguing exercise. An example is shown in Figure  7 . The increase was significantly greater in the younger group (p<0.05). In line with previous findings, 20 the silent period lengthened following the fatiguing exercise but the increase was not significantly different between the two age groups.
(A) Decline in MVC after 90 s of sustained fatiguing exercise, (B) associated changes in tetanic tension and, (C) normalized interpolated doublet tension. Solid lines represent the younger subjects and dash lines are the older subjects. An asterisk (*) is placed at the end of each dash line to facilitate visual differentiation from the solid lines.
Figure 4: Decline in force during a 90 s bout of fatiguing exercise. Original force records from a younger (top) and an older subject (bottom). The younger subject's force fell 43% at the end of the exercise. In contrast, the older subject's force only declined by 25%. The arrows indicate the time points when force measurements were taken. Note that interpolated doublet stimulation was applied to the wrist just prior to termination of the sustained MVC. The force records are displayed in higher gain in
Figure 5: Decline in the muscle contractile capacity following the fatiguing exercise. Original force records showing the twitch, doublet and tetanic tensions from the same subjects as in Figure 3. The younger subject's tetanic tension declined by 52% after the fatiguing exercise (upper panels) while the tetanic tension in the older subject only declined by 22% (lower panels). Note that the order of stimulation post exercise was different: doublet, single pulse and, finally, a tetanic train. The two dash lines placed against the single twitch tension at the bottom right force trace illustrate how contraction time was measured from onset to peak.
Figure 6: Change in the interpolated doublet tension following the fatiguing exercise. Original electromyographic (top trace) and force (bottom trace) records from the same subjects as in Figure 4. The EMG and force traces are aligned by the stimulus pulse (represented by the vertical dashlines). The doublets at rest (marked with asterisks) used for normalization are shown beneath the interpolated doublet force records. The interpolated doublet tensions are the peak force above the horizontal dashlines. The younger subject's interpolated doublet tension increased markedly following the fatiguing exercise with a change in the normalized tension of 2.35 (upper panel). In contrast, the older subject's normalized tension was unchanged (lower panel). Note that the compound muscle action potentials in the lower panel were distorted by the long duration stimulus artifact.
Figure 7: Change in the cortically evoked twitch tension following the fatiguing exercise. A. Original electromyographic (EMG) (top trace) and force (bottom trace) records from the same subjects as in
Transcranial cortical stimulation was delivered (as indicated by the arrows) during a brief maximum voluntary contraction (MVC
DISCUSSION
This is the first study on age-related differences in muscle fatigue resistance that specifically compared the central nervous system contribution with contribution from the muscles. Key findings include: 1) elderly individuals were more fatigue resistant than younger subjects; 2) smaller decline in the central motor drive and the muscle contractile capacity were both responsible for the greater fatigue resistance seen in the elderly, and lastly, 3) failure in the central motor system during fatigue was in part explained by a deficit in the activation of the corticomotoneuronal pathway.
Before attributing the differences in muscle fatigue resistance seen in the two groups to the aging process, three major potential confounding factors have to be considered: differences in physical activity levels, physical stature and gender. In this study, we used a physical activity questionnaire and found no significant difference in the level of physical activity between the two age groups. The lower MVC and tetanic tensions in the elderly subjects also cannot be attributed to their physical stature because they were in fact slightly taller and heavier than their younger counterparts. The greater fatigue resistance in the elderly is also not due to a 'holding back' of voluntary effort as there was no significant difference in the baseline voluntary activation levels between the two groups. Gender differences are also unlikely to be responsible for the observed fatigue resistance difference as the gender composition in both groups is very similar. Besides these major confounding factors, there are likely other variables accounting for the considerable variability among individual subjects as well. With the relatively small sample size in this study, it was not possible to systemically evaluate these variables. They will need to be further investigated in future larger scale studies.
The definition used for quantifying the voluntary activation level in this study is different from that used by Allen et al 17 on the biceps muscles. This is because the stimulation methods and the anatomic considerations in the two muscle groups are different. Allen et al directly stimulated the biceps muscles and computed the size of the interpolated twitch as a percentage of the twitch at rest using the equation: [1-(interpolated twitch/control twitch at rest)]x100%. In the case of the thenar muscles, direct muscle stimulation was not feasible because other intrinsic hand muscles were also co-stimulated to varying degree, thus rendering the force measurements unreliable. In contrast, the median nerve could be easily stimulated at the wrist without co-stimulating the ulnar nerve when the subject was at rest. However, during an MVC, supramaximal stimulation of the median nerve required much higher current density because the contracting flexor tendons at the wrist lifted the skin away from the nerve. At these intensities, it was impossible not to also co- Table 3 : Decline in MVC at the end of the fatiguing contraction. stimulate the ulnar nerve. To eliminate any variability due to varying degree of co-activation of the ulnar innervated intrinsic hand muscles, we decided to use a high enough stimulus intensity to also maximally stimulate the ulnar nerve. This intensity level, however, proved to be too uncomfortable when the subjects were at rest. Therefore, the interpolated doublet tension was generated by both median and ulnar innervated intrinsic hand muscles while the doublet tension at rest was only generated by the median innervated muscles. We feel that this approach is justified because this method provided a reliable means to compare the difference in the voluntary activation level between the two age groups which is the main purpose of this study. Since a larger ratio represented a greater voluntary deficit, it was called the voluntary activation failure index.
Although the interpolated twitch technique has traditionally been used for assessing central motor drive deficit, it only provides a global reflection of the central motor drive and does not give any clue on the part of the central nervous system that is responsible for the force decline. 16, 21, 22 The additional use of electromagnetic cortical stimulation helps to differentiate the deficit arising from the decline in motor output upstream from the motor cortex from changes in the corticomotoneuronal pathway itself.
14 However, it must be recognized that the nature of the cortically evoked twitch obtained through electromagnetic stimulation is somewhat different from the peripherally evoked twitch using the interpolated twitch technique. In the cortically evoked twitch, all the thumb flexors, abductors and possibly other hand muscles are activated. In contrast, only the median innervated thenar muscles are stimulated in the case of interpolated doublet at the wrist. Therefore, the magnitude of the two measures cannot be quantitatively compared. Also, the percentage of decline in MVC cannot be directly compared with the percentages of decline in tetanic tension, interpolated doublet and cortically evoked twitch as the muscles activated in each case are not identical. However, these differences should not invalidate the concurrent use of these techniques as it was the relative change within each measure following the fatiguing exercise that is of primary interest. Furthermore, the observed age-related differences in this study could not be attributed to the above technical considerations since the same protocol was applied to both age groups.
An additional caveat is that the results from this study, which employed isometric contraction, may not be generalized to other types of fatiguing muscle contraction as the task-dependent nature of muscle fatigue is well-known. 23, 24 Therefore, studies using other forms of fatiguing exercise may well reveal failure in other components along the motor system pathway (for example, see Bigland-Ritchie et al 25 ). This possibility further underscores the importance of assessing the entire central and peripheral systems comprehensively as failure can occur at one or more sites anywhere along the system.
What are the possible physiological mechanisms underlying these observed differences? One possibility is due to changes in muscle fiber composition with age. The proportion and relative diameter of type II muscle fiber have been shown to decline with aging. 1 The significantly longer contraction time in our elderly group is in keeping with these histologic observations. The greater muscle fatigue resistance in the elderly found in this study might therefore be attributed, in part, to a relative increase in the proportion and size of type I muscle fibers. The lack of change in the size of the CMAP in the face of the decline in tetanic tension following fatiguing exercise suggests that the contractile failure was not a result of action potential propagation failure but, rather, failure at, or distal to, the excitationcontraction coupling mechanism. This suggestion is supported by evidence indicating that in muscle fatigue the safety margin for electrical propagation, at least initially, is increased by an upregulation of the Na/K pump activity to minimize the risk of depolarization block. 26, 27 In line with previous studies showing that elderly subjects were equally capable of voluntarily activating the muscles as younger subjects, 28, 29 there was no difference in the voluntary activation level at baseline between the younger and elderly groups in this study. This occurred in spite of evidence of a substantial loss of cortical neurons associated with aging. 7, 8 This apparent discrepancy is somewhat surprising but is in agreement with studies which showed that in patients with amyotrophic lateral sclerosis, a disease in which the number of upper motoneurons is decimated, there was no difference in fatigueinduced changes in central motor drive between the patients and the control group. 30 If the number of cortical motoneurons is not necessarily the responsible factor, then what are the other possible central sources contributing to muscle fatigue? Given the complexity of the central nervous system, there are likely many factors that collectively contribute to a decline in central motor drive. Potential possibilities include a change in the influence of the peripheral afferent inputs with aging. 31, 32 It is known that muscle afferents do not only project to the spinal cord but also to the brain stem and cortical levels. 33, 34 Sensory signals conveyed from specific peripheral receptors in the limb of primates have been shown to have relatively direct access to the motor cortex. 35 However, the relative importance of the large diameter myelinated afferents as compared to the smaller type III and IV afferents in muscle fatigue is still controversial. [36] [37] [38] [39] [40] Another group of possible factors are changes in the other cortical and subcortical structures such as the premotor cortex, the supplementary motor area and its subcortical connections.
Although the elderly subjects' muscle fatigue resistance was found to be higher in this study's setting, it does not necessarily infer that muscle fatigue in the elderly is less of a concern in their daily activities. As a result of decreased strength, a larger proportion of their muscle mass would have to be used more frequently in daily tasks which, in turn, may lead to greater muscle fatigue. In considering age-related changes in muscle fatigue resistance, a number of important functional questions have to be addressed. For example, are these age-related changes mutable? Previous studies have clearly shown that strength in the elderly can be improved with training. 41, 42 However, with the commonly known association between the contractile tension and fatigability of muscle fibers, an important question is whether a training program designed to improve strength would necessarily lead to a reduction in muscle fatigue resistance. Given the many possible factors that may have an impact on muscle fatigue resistance, it is difficult to predict the outcome as the muscle contractile properties may not be the most important determining factor.
Another important issue is whether the fatigue resistance of the central nervous system can be separately influenced from the muscle components by different regimes. The answer to this is not clear at present. 43, 44 Furthermore, what possible effects such training has on muscle fatigue resistance and what the degree of training specificity is, remain to be demonstrated. Given the vital importance of muscle fatigue resistance in daily activities and the safety of the elderly, a better understanding of its underlying mechanisms and methods of intervention are much needed.
